Abstract. The process of immobilization of biological molecules is one of the most important steps in the construction of a biosensor. In the case of DNA, the way it exposes its bases can result in electrochemical signals to acceptable levels. The use of self-assembled monolayer that allows a connection to the gold thiol group and DNA binding to an aldehydic ligand resulted in the possibility of determining DNA hybridization. Immobilized single strand of DNA (ssDNA) from calf thymus pre-formed from alkanethiol film was formed by incubating a solution of 2-aminoethanothiol (Cys) followed by glutaraldehyde (Glu). Cyclic voltammetry (CV) was used to characterize the self-assembled monolayer on the gold electrode and, also, to study the immobilization of ssDNA probe and hybridization with the complementary sequence (target ssDNA). The ssDNA probe presents a well-defined oxidation peak at +0.158 V. When the hybridization occurs, this peak disappears which confirms the efficacy of the annealing and the DNA double helix performing without the presence of electroactive indicators. The use of SAM resulted in a stable immobilization of the ssDNA probe, enabling the hybridization detection without labels. This study represents a promising approach for molecular biosensor with sensible and reproducible results.
Introduction
Development of biotechnology and medicine allowed the detection of target single-stranded DNA (ssDNA) which is, currently, an area of research interest as it provides potential applications in gene transfection, accurate polymerase chain reaction for mutation detection, diagnosis of genetic diseases, species identification, and evolutionary analysis. ssDNA is generated during orchestrated cellular processes such as DNA replication, recombination and repair, as well as by spontaneous DNA damage events.
1-7 Several techniques are used for DNA detection; the conventional ones are based on the coupling of electrophoretic separations and radioisotopic detection.
8,9
However, they are generally labour-intensive and time consuming, requiring well-trained technicians.
Recent advancements in biotechnology have resulted in the development of rapid methods that reduce analysis time and offer great sensitivity and specificity in the detection of DNA, 5 such as, fluorescence technique, 10 optical methods, quartz crystal microbalance 11 and electrochemistry. 12-14 Amongst them, electrochemical detection based on biosensor has attracted considerable interest due to the advantage of simplicity, low cost and high sensitivity.
1,13
The genosensor seems to be excellent candidates for the rapid detection of pathogenic biological species of clinical interest.
16-18
Different methods have been used to immobilize the DNA onto electrode surface such as, controlledpotential adsorption, 19 entrapment in a polymer matrix, biotin-avidin interaction, and covalentbinding.
1 Alkanethiol compounds are commonly used to form strong covalent bond on gold surfaces producing a well-ordered structure. Using this self-assembled monolayer (SAM) it is expected that biomolecules, enzymes and probe oligonucleotides, can be irreversibly immobilized on a variety of substrates without denaturation.
20 SAM is a good strategy for linking biomolecules because, this technique allows an easy formations of monolayers, reasonable stability for extended period, allowing several reliable measurements. However, SAM also presents limitations, such as, immobilization of enzymes are very much sensitive towards changes in analytical parameters (pH, temperature, etc.), a minor change in one of these parameters can sometimes be responsible for losing the biological activity.
21 The literature describes numerous detection strategies for DNA hybridization, involving labelling DNA with metal nanoparticles and sophisticated sandwich assays using redox-active enzymes bound to the target DNA strands.
16 Based on the detection of hybridization events, the target ssDNA is detected directly or by DNA electroactive indicators (metal coordination complexes, etc.), which form complexes with the nitrogenous bases of DNA.
22 Oligonucleotides labelled with enzymes have been employed in hybridization detection protocols.
6 Additionally, an hybridization detection scheme based on ferrocene modified adenine moieties was reported.
23 Increased attention is given to direct label-free hybridization detection involving the intrinsic electroactivity of nucleic acids. This hybridization method, based on oxidation signal of probe on modified gold electrodes in electrochemical DNA biosensor, seems to be a simple, less time consuming and more applicable strategy in comparison with the others.
24
In this study, a non-labelling electrochemical DNA biosensor based on SAM modified gold electrode for ssDNA detection was studied, using the covalent coupling of complex cysteamine (Cys)/ glutaraldehyde (Glu) as a cross-linking structure amino-functional, which allowed the DNA hybridization efficiently. These new electrochemical DNA based-biosensors offer new opportunities in the analytical field, increasing the applications of DNAbased-molecular diagnostics, taking full advantage of the existing modified electrode technologies.
Experimental

Reagents
Single stranded DNA (ssDNA from calf thymus and lyophilized, ≥ 65%), double stranded DNA (dsDNA, DNA from calf thymus), Glu (25%), 2-aminoethanethiol or cysteamine (95%) were purchased from Sigma Co. (MO, USA). Hydrogen Peroxide 30% (v/v) and ethanol (99.5%) were obtained from Labsynth (São Paulo, Brazil) and F. Maia Ltda. (São Paulo, Brazil), respectively. The ssDNA and dsDNA from calf thymus were diluted in ultra-pure water (1 mg mL -1 ) and kept frozen according to manufacturers' instructions.
All other chemicals were of analytical reagent grade. The Phosphate Buffer (PB; 0.1 mol L -1 pH 7.0) was used as electrolyte. In all prepared solutions, ultra-pure water was used as acquired from MilliporeMilli-Q ® Ultrapure Water Purification Systems.
Apparatus
Cyclic voltammetry (CV) was carried out using a MPQG-01 potentiostate (Microquimica, Brazil) connected to a PC. All the measurements were made using a conventional three-electrode system. A platinum wire acted as the auxiliary electrode. All the potentials were referred to an Ag/AgCl/KCl saturated reference electrode. The gold electrode (0⋅5 mm diameter, Microquimica, Brazil) was used as working electrode. All the electrochemical experiments were carried out at room temperature (25°C) without aeration. The potential scan was carried out between -0⋅5 and +0⋅5 V at 50 mV s -1 .
Pretreatment of the gold electrode (AuE)
The gold electrode (AuE) was mechanically polished with alumina slurry (0⋅3 µm) followed by rinsing with distilled water and sonication (UltraSonic Cleaner USC 700, Unique, Brazil) in pure ethanol and water, for 2 min. After mechanical cleaning, the gold electrode suffered a chemical treatment by immersion in a 'piranha solution' (H 2 SO 4 /H 2 O 2 , 1 : 3 v/v) for 10 min at room temperature. Afterwards, the gold electrode was immersed in PB and 10 cycles were carried out between + 0⋅2 and + 1⋅5 V at 50 mV s -1
. Finally, the electrode was rinsed thoroughly with distilled water for 10 min and after exposed to UV radiation for 15 min.
Self-assembled monolayer and ssDNA immobilization
The pretreated electrodes were immersed into 25 mmol L -1 ethanolic solution of Cys for 2 h at
